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ABSTRACT

The JASL underpround coal convers)on concepl
producces intermediate-BTU fucl gas for nearby In-
dustrics such as "mincmouth” c¢lectrice power plants,
plus major byproducts In the form of liguid and gas-
cous hydrocarbons for feedstocks to choniceal plants
c.g., substitute natural pgas (9340 producers. The
concepl Involver controlling the water influx ond
drying the coal, generat Ing hydrocarbons, by pyrol-
yeis and finally pasitfyiog the residual char with
0;/C0; or alr/CO; mixtures to produce industrial
fucl pases.  Underground conversion ein be frustra-
ted by uncontrolled water In the coal bed.  Mols-
ture can {a) prevent combuston, (b)) preclude tuel
ghs formation by lowering reaction zone temperatures
and creating kinetic problems, (¢) rain product gas
quality by dropplu: tenperatures into a thermody-
namlcally unsatisfactory repdne, (d) deprade an
inftially sati«factory fuel gas hy consuminge carbon
monoxide, (¢) waste larpe amounts of heat, and (i)
isolate reactlen zones so thal the processing will
bypaus bhlocks of coal.  Large amounts of clectrie
power (or other) production alenyg with vasr supplices
of hydrocarhon fucls are produced by thls process,

Ol AND GAS FIELDS TN AMERTCA ARE consumed twlece as
fast as they are discovered. This fact well de-
scribes the Natdon's enerpy sitnation.  Althouph
alternntlve encrpy sources inclu.iay solar and nn-
clear will malie contributlons to the natlonal encrpy
mix, neither con supply those hydrocarbons needed
for tronsportation, space heating, and chemieal syn=
thesls. Insteat, the Natlon's vast coal “COR
musl be dlrected to F111 this need.

Difficultley restrict preatly Inereased coal
productfon using current technolopy.  Specifically,
capltal, laber, and environmental Limfratlons exiet
throughout the coal fuel cyele.  Underpround coal
procennlng, 1.e., the utilizatdon of coal In place
to preduce clean fuels, conld surmount these Jmits,

One such undervround coal converslon process
(rchematically presented In Fly, 1) $a bednp evalu=
ated by the Loy Alamos Scientifle Laboratory (LASL)
(1). Conl, 250 to 1,000 feet underprovnd, 19 first
heated with hot pas injection supplicd throuph mani=
folding cuplaced In the peam.  The heatIng produces
molRture and hydrocarbonys leaving In place a hot,
porousd ucml-char. This char Is pasifliced while sttt
hot by a heat COa /0, pas stream, thereby producing
a fuel pan contadning litt)e nltropen and nofuture
impurities and mostly carbon monoxlde,

This fuel pas In cooled e ajlow cleaning with
proven tuchnolopy to remove sulfur compounds and to
recover carbon dloxtde for use o pyrolysls and
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Fig. I-TASL concept in underground
coal converslon.

control, The fuel pas new 1s in the intermediate-
Bru ranpge of around 275 Btu/sef.

Thig pas coollng just mentioned decouples heat
production and electricity generation from the "mine-
mouth" operatdons.  Thi, deroupling permits pood con-
trel of the fuel-pas gquality both through the gas
cieanup and throuph blending the CO fuel with a
higher-Btu fucl pas {ron the pyrolysls system to de-
Liver a constant Btu-cantent product,  Sensible heat
which s stripped from the hot producer pas is used
to drive the first-stape pyrolysls in another sec-
tion of the coal,

Two separate classes of producty are prenerated
by this type of coal conversion system:  Flrot, hy-
drocarbon gases and liquids are produced for use
elsewhere, and, sccond, a hphly unirform gas product
of Intermedfate-Btu content ia produced for more lo-
cnl consumption, e.yg., at an clectrle powe: statlon
essentia)ly at the mine mouth.

EXISTING PROCEDURES FOR UNDERGROUND COAL CONVERSION
Exiating schemes for undery, sand coal conver-
wion typleally ueilize drilling, linkage of vertvi-
cal wells by reverse combu~:{am ¢~ deviated drill-
fug, and then extractlon by torw rd combustion, (2)
During forvard combustion the conl iy dricd, pyroly=
zed, and pasificd at similar tlmes but at different
places In the processing front, (3) This behavior
{s shown {n Fig. 2. Yere a dlrected (low channel
1abeled "char ehannel" Jinks wwo vertfcal wells.
Oxfdative fuel pases (alr- or oxygen=containing
mixtures) are pumped into the left well, and they

*Numbers In parcuthesses denipnate References at
end of paver
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2. TEMPERATURE PROFILE

g

TEMPERATURE (K)

Fig. 2-Temperature profiles along the centerline
of the reactlon path for a coal scam undergolng
underground conversion,

recact with the coal sceam to produce a low= or Inter-
mediote=-Yru pas which {5 delivered fron the ripht
well.

Many workers have noted that the process can
be divided Ilnto scveral regions. (4) Inivially, in
the oxypen=rich zone, osidatlve procenaes form €O
and ;0. Next, these hol pgases translier mto the
reductive repion where worthwhile tuct pases, I, and
CO, ave produced.  The fuel pases then Tose heat to
coal, pencrating pyrolyals products. Finally, the
pyrolysis gas/i_/CO v ixture vaporizes woisture,

Cthe preceding steps are ideallzed, of course.
The successful formation of major fractions ol car-
bon monoxfide depends strongly on the tesperature,
CO> and Hy will not react with solid carbon to pro-
duce uscelful fractions of COand 1, vnless the temp-
erature Is at least 10008, TFarthermore, undeslrable
alde reactions can occur.  These matters are dig-
cusscd in Lhls paper.)

Two probable kinds of centerline temperature
profiles through the react lve zone are shown fn the
lower part of Flg. 2. Inlet temperature are con-
trolled by residual ash cemperatures and pas feed
temperatures,  Gases entering the qeaction zone
reach temperatures 130G at the oxi-
datdon zone maxlmun,  Endothermic roductive processes
are driven by heat from the onfdatIve sectlon.
Finally, the product pasen Interact with the un-
reacted coal seam. [ the coal seam contalng 1hquld
water, the products are pencrated at sonme Mstean
plateau" temperature, the temperature of pressurized
equillbrlum steam and water controlled by tue pres-
gure of the outlet gpaw stream.

The two profi)ces show temperatures for reactant
fecds (lZ/II,_() and 02/C0x0 (e assume that the neces-
sity to winimlze the work of pas compression will
preclude the utdlization of ale. Cleaning larse
quantftics of nltropen, prior to combustlon, (s
prohilbitively cxpenstve.) The carhon dloxide=-oxypen
temperature Lo diiferent for two reasons.  TFirsg,
the higher thermal diffuslvity of carbon dloxide
apreads peak temperatures fn the encrpetle oxidation
replon. Sccond, due Lo the slower CO;=char kinetics
than H,0-char kinetices, reactions with CC, requlre

fn exceess af

Henever, kinetle dIfTerences
hizh temperatures arc

louger recidence tire,
do not deyrade
calutaleed Jor Jonper dictances iF the reactions are
slowed, Indothermic reluctive reactions occur with
co, and .0 In cither cose, With carbon diexnlde

the redustive zone is exteaded.  Such an exiension
clearly I+ not detrirental,  Actually v nmay be
benelicial through fnereasced thermal-srress craciving
In the underground repion.

vields beconse

WATER 1L ULDERGCROULD COAL CONVERSTON

Many scams, not only those of lower rank, arc
productive nquifers.  Ue suspecet that little of this
high-volutne transport occurs in distributed porous
flow. Rother, [Jow occurs in fracture gystems,
Additlonal cenl porosivy Is known to exist as cither
macro-porces (miorcury porosloetry) or wlero-pores
(helfum porosinetry).  Generally {v is thoupht that
smaller pore structurcs have molecular-sized dimen-
slons, 1077 . (5)

Encryy of Water Removal: It has been well doe-
umcnted thav anderpround coal pasiflcation tn scairs
with high roicture contenl s technleally diffleule,
Part of the problem beconcs apparent {rom daca in
Table 1. As scam mojsture fIncreases, appreclable
fractions of the total energy content of the coal,
here 10 Bua/lb on combustion, must be expended Cor
molsture cvaporatlon and for heating the vapor to
desired process temperatures,  Cicarly, a moisture
content (or o rate of nolstare Intflux) will eventu-
ally be reached for which underground conversion
Is lwmpossible.

Table 1 - lleat content and encrgy consumptioa
for watcr removal, per cublc meter of coal.

"20 Mass Total Water Fnerpy
gm Heat Heat Cost
% %1076 Btu? Btub %
- x1076  x1076
5 1,50 31.5 0,26 0.83

10 1.50 29.8 0.52 1.74
20 1.40 24,7 0.97 3.93
30 1.35 20,9 1.49 6.72
40 1.35 17.8 1.87 10,50
50 1.30 14,3 2,25 15.70
60 1.25 11.0 2.60 21.60

8calculated assuming coal has a heat coa-
ptent of 10% Btu/ib (dry Lasis).
Calcalated assuning scam is originally
at 59C and moisture is hcated to 5000C,

The CGosiflcation Reactlon: Fig. 3 Indicates
the thermodvinamie maximum Blu per scf which can be
at alned at variout temperatures for different burn
conditions. The upper curves are for the equi Vibylum
heating valucs for pure 1,0 or CO;reacting with
solid carbon. Note that the heating values drop
off sharply in the range 800 to 500°C. The fuel
gases ave hardly worth producing If tensperatures
are not above 0600°C,

For afr-burncd materials (L.c., 1,0 + N, aund
co, + Nz2) the curve 48 similar, but hecating valucs
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Fig, 3-lquillbrium heatdnyg values per sef for
carbon/oxypen and carbon/oxygen/hydrogen
mixtures.

per scf arc lower because of the dilution by inert
nitropen.

The problem may be more complex than s indi-
cated. Whille the calculations indicate the best
fuel pases that ean be produced, the kKineties are
more unfavorable. Solid carbon nast be in the
nelighborlhiood of 900°C helore fast reactlons are
certaln.

Thus, If water Influx 15 toe great, or {f Loo
much water f8 inftially present in the coal, coat
may never reach process terperatures sultable for
underground conversion,

Depgradat fon of the Product Throuph Reaction
with Water:  The water pas reaction botween hot
carbon and steam Lo produce a fuel gas

Cluorsd) * 19%an) ™ Ppasy ¥ Toguasy V)

depends on the fact that the reactlon

2Co(gnu) - C(su]ld) + co?(uns) @)

does not proceced.  The sinllar water-gas shift
react lon does take place readily. lere €0 15 de=
stroycd by reaction with water vapor

co(r.nn) + "’o(gns) " C0’(nns) + M2 (pas) (3)

While 1, has the same approxlmatc heat conteat,
it ie more dIfflcult to remove €O, from H, than
to remove H,0 {rom CO, Morcover, volumes are
Inereascd with no Increase In the total heatinp
value. Water vaporization (as was discussaed
earller) takes up heat which s never usefully
recovered.

Effcets of Water on Coal Purmeability: A
dominant role of molsture on undervround con-
veraion appears in chausdng the perncabillvy of
conl.

The permeab{lity through wet coal under simu=-
lated in efitu condltlons is near 0.01 md.  Removal

of Stress on coal results in the formation of micro-
fracture svater, thot Jeads Lo measured permeabilivy
vialues wear 10 md. (6)  Hemoval of moisture from
such conls inercases peroeability to a simllar ex-
tent. It is becondny cuver pore elcar that moisture-
stroesa-peroeabil{ty offects are interrelated in
these coll sestens
Moisture 1s stroasly odsorbed within coal pores.
Typically, cspecially with low rank coals, various
hydrophillic piroups occur on the surface of these
channels.  Due to the tetragonul nature of bonding
In wvater molecules, coal pores are ef feetively filied
by moisture, Forming injcrmeable materfal.

€O, is adsorbed ceven more stroaply than water
ento coar surfaces.  Furthermore, €O, 1s a lincar
molecute vhich, unlike tetraponal=bonding 11;0, cannot
f111 pores dn the coxl. Thus CO, creates a water-irce
and relatlvely open pore structure.

These COp propertles of seleetive adserption,
low viscoslty and hich L-at capacity, make this gas
the dryline agent of ci.olce.

Our cxpeviments have cleariy pointed out that
the permeability Incrvases produced upon drving are
locally reversible.  Howewer, the oripinal bulk
patteras of flow Lthroucheut the coal will certainly
not be reproduced,  Instead, the patterns of pas flow
and water deposition will Jocally alter the flow and
creale blockages in Lhe paths, halting further gas
flow., Arcas will be efrcctively isolated {rom con-
vective heal. flow,

Thls redeposition of meisture has scevere {mpli-
catfons for anderground processing. For instance,
ghould mointure invade a processing zone, llquid
water cian condense into coal pores and isolate repions
which ldeally shoull be reacting to a heat and mass
flow, This results in an Instabllicy that bypasses
water-rich zoncs wastine coal.

Any water=rich repion Is subject Lo evaporatlve
cooling and recondemsation underground duce to [luctu-
ations In the temperature or pressure of gasces moving
past it. (6) At the site of steanm condensatlon the
deposition of water inte the surface cracks wlll
block off that specific region tou reactive flow,

As corollaryv, both the loss of heat and the loss of
mass {low can resull in bypassed coal as the coal
gasificatlon front moves Lhrough a repion of the
coal field: thus efflicicuey demands the removal of
water during the coal processing recacllons.

Steam injection, which has been proposed for
underground gasificatlon, (2) can actually introduce
water and asgravate existing heat flow paths. Ve
propoec to inject 02/(;(‘.2 to clrcumvent thls problem.

WALLING DY NYDRAULLC FRACTURE TLECHNIQUES

Although our laboratery experiments show that
coal~block Arying is technically fcasible, ficld
succeas wlll require that almost all water fnvasion
from nciphborlng zones 18 restricted, Underground
processing in this way requires a dry scau, below
107 moisturv. And molsture must be excluded. South-
western hydrology identifics shallow coal scams as
aquifers that connect surface runoff wich deeply
lylnp wandstone strata,  Recharpe is perlodic and
depends uporr recent climatlce conditlons. It will
be necessary to develop technology that wlll restric
moisturce flow into procussing replons. One proposued
method for accomplishlng this is shown in Flg. 4.

Vanderborgh & Ellfiott
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UNDEHRGROUND CONTROL OF WATLR INFLUX
DURING COAL PROCESSING

FAACTURE ri UiD RESLRVOIN

v’ -/
;ﬂ. [ it PHIVIOUS WI I 1| UR
i;;g — | “wesitustaLssconTRo
s ow

WATLH HT MOVALY

o PHOCHE.LING WLl

NOMMAL - -
MOISTURE '
DHAMIAGE roga.  _s™™"

Fig. 4-Wall preparation throush hydraulic
fracture with water-imperacable [lulds,

Nydraulie fracture would be ntilized to con-
struct underground barriers. Inltially, stress
modiflicatlon techniques would be ntilized to re-
direct In aiti stresses in a way that hydraulie
fracture would run perpendicular to scam dip.
(Vertical fracturces are aszumed here because of the
large overburden of deeply lying formations.  Should
the cval fracturce lorizontally, other teclinlques
would be required).

Fracturing 1s donc with a fluid which will po-
lymerize (or set) after a requisite time. The crack
then will be filled with materfal that fmpedes
moisture Intrusion into the processing zone. Other
posslblilities exlst Includlng Incrcacing stresus
with special grouts to Impeue water flow, These
ideas are, as of now, only conceptual. [t 1s obvious
that successful undergronnd coal conversion tech-
nolopy will require wvays to "fix" water invasion,
Much work remains to Le done in thls area.

RESOURCE UTILIZATTON PROCESS LETIFICIENCY

Underground coal conversion alters coal tech-
nolopy from a minlup process to an operation more
like petroleum productlon. And, operation ccounomics
are similar to oil-flicld cconomics. “The maln concern
is pay-out, l.e., Lhe product walue compared to the
coat of production. Althouph, from an environmental
standpolnt, onc Is concerned about "resource utili-
zation cfflcicney', the technolopy cceonomics do not
depend upon high total recovery cofflciency (such as
the bigh efficlencies now obtalnable with long=wall
underground mining). Rather, there must be success-
ful extractlon of cnerpy from a partlcular coal sec-
tion. This 15 entirely analapous to oll productlon.
Improved recovery is attempted uslng secondary and
tertiary techniques usually well after primary pro-
duction and assoclated cconomles are completed,

Drying underpround coal permlts divergence of
the process path irom the center-directed channcl.
Such Bpreadinpg {s cr’tical to the cconomies of the
operation., T{ we conslder a typleal situation,
Table 2, this becowes apparent. Calculatlons show
completely consumed coal tonnapes using a two-upot
pattern cpaced 50 m anart in a 2-m thlck scam.
(Such spacing might be optimistle.)  The “spreading
anple" descrlbes the anple which the processing~zone
moves 1nto the coal mass. This 14 the angle betwecn

Toble 2 - Conversina of coal a5 a function of

process spreadiv; angle

Spreading Total Total Mass
Angle Volume of Coal

<4 m3 toas

5 218 361

10 441 727

20 910 1501

30 1443 2381

aSpreading angle, deprees, betwcen divergence of
process zone and central borchole-to-borehole
channel,

A<E B

bVert.i.cal wells spoced 50 m apart in a 2-m thick
cBeam.
Calculated assuming dcnsity of 1.5 gm/cma.

that interface and the well-to-well axls. Should
little spreading occur, say 5%, cven with this geo-
metry, only 361 rons of cval can be processed, Lt
is hard to see how nmonifolding costs could be re-
covered here In anything Lut a falrly =hallow seam.
llowever, 1f the spreading angle can be increased to
an extent that the process zone Jeaves the borehole
at an 30° anpgle, rthen 2,400 tons of coal can be pre-
cessed through the sane winltold.  This factoer-ol-

7 Increasce appears to us to be the eritical paro-
meter In process cconomdcs.  Regardless of the scemn
thickness, unless marked diveryence both horizontal-
ly and vertically occurs, little energy can be re-
covered from any well arraagenent.  Molsture removal
appears  to be the blg factor in oblaining large
spreadlng, anples,

PYROLYSTS PRODUCT YILI.DS

Conl pyrolysis has been extenslvely studied.
{7) Interpretation of results fs complicated by the
fact that processes of coollng (evaporation or en-
dothermic pyrolysis) compete with heat input.  Heat
transfer becomes dominated by convective processes
and such processes are {oterrelated with heat trans-
fer sInce product gases are produced as functlons
of temperature. The situation demand: close atten-
tion to heat'ag rates and particle sfze. Onc can
recadlly speculate that convective mass transport
will Dbe influenced by 7 olta stress. Consequently,
assuming that ylelds measured in the usual labora-
vory conditions reflect slnflar underpround yields
is questlonable. Nevertheless, that assumption is
a Htart.

Typical subbituminous pyrolysis gas data ave
shown in Table 3. These data were collected on
powdered coal (30 mesh) in a eyilndrical geometry.
Data glven represent 350°C values.  From thermo-
gravimetric data, we know that oonroximately 257% of
the oriplnal coal mass (as reccedved) Is volatilized
at this temperature,

A straightforward calculation leads to the
fact that thermal processing produces 8.2 x 10? set
per ton of subbltumluous coal. Assuming that this
product. has a heating value of 500 Btu/scf, this
low molccular-wvelpht pas i8 equivalent to 4.09 n 108
Btu/ton, aud assuming that projected pas prlces are

Vanderborgh and Elliott
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rellable, this byproduct gas wi'l cevtribnte op-
preximately S10/ton o!f coal cop,oncds 4 1,000 0%
power generating faciilty requires approxinatels
6 x 10" vons coal/ yeny. Production ot the pover
would, using the LADL scheme, cojoencate 2.4 = 107
Btu/year of low molecnlar-weinlit yis.
could be readily vpgraded to methane.
This annual production nceds te he compoved to
proposcd surface pasification processes desicned o
produce 250 1 scf/day. Annual prodictlon of that
plant would be 9 x 10°7 Heu. Thus, underpgrovnd pro-
duction sc.io1 to 1000 MW, amoants Lo ipproxinately
257 of that of = large, surface pasification Yacili-

ty.

o

Such a wous

From a resource base, production of ceal py-
rolysis gas appear~ very promising.  From cach
square mile of a 6-fL scam 2 total of 3.7 x 167" ney
could be produced. Methane draipage (assumines 1.3
mg/g of coal) usiuy state of the art fracture tech-
nology at ambient vreunperature coula preoduce only
1.4% as much, 5 x 10'' Bru/mile”. ‘The San Juan
Basin alone contains approximately 2 x 10% wile”.
Thus, some 500 quads of low wolocular weipht hivdro-
carbon gaz could be produced {rom thac basin along
by pyrolysis as a byproduct of coal pasification of
just one of the sceveral secams,

Table 3 - Composition of pyrolysis gasces from
Fruitland enal.

Component Volume % rm/mol of
—_— pyrolysis gas
Hz 22 0.44
Cilu 20 3.20
co; 21 9.34
I 11 3.08
c2's" 5 1.30
Ca's® 1.60
H20 17 3.06

21.9 gm/mol
Products collected at 350°C following trans-
fer through a tar-mist trap at 100°C. Heat-
ing rate approximately 3°C per minute.

ﬂAssuming acctylene, Caliz.

bAssuming propyne, Cilly.

CHAR GASIFTCATION WITIl €Oz MODERATION

The LASL concept ends with a €0;/0, gasifica-
tion of char produccd by initial hot gas pyrolvsis.
During the pyrolysis reactlon a hydrogen enriched
fraction (sce Table 3) is stripped from the coal
leaving a carbon rich residue, char. 1t is truc
that al! coal is deficient in hydropen and that
liqueficatlion of coal requires an outside hydropen
source. However, processing In this way seprepgatces
the hydrogen, removing about 537 of the hydroren
(not consldering hydropen in 11,0 vapor production)
while removing about 25% of the carbon. Conscquent-
1y, the pyrolycis products are hydropen enriched and

can serve as a petrochemical source with no addition-

al hydrogen source.

The yemainine char nust be processed with good
el ficivaicy.  The intriyuing poussibility in this con-
cepl iu that, becanse of this staped production, bet-
ter viclds will be realized during gasificacion,
Consequent lv, ot only is Lhe hvdrocarbon production
"free'" but one can predict (a) that the total energy
recovery is hirher due Lo this staped approach, and
(b) that more uniform produees will resuvle.,

Jecause moisture and volatiles have been re-
moved from the char, char combustion will be dif-
ferent from (hat of unastered coal. The combustion
temperature will be higher and the burn will be more
uniform,  Less heat input {s requlred for the al-
ready hot and dry char, COp, €O, and H:0 at perhaps
1000 C will rceplace hydrocarbon pyrolysis products
as the flowing, heat transier apents. Due to the
lacle of pyrolvsis products and the removal of the
"flame heponing” combustion spread mechanism, ra-
diatlion will be the slgnificant heat transfer stoep
durlng char pasification. Cooling o¢f{i1ects of dry-
ing coal vill be avoided and because af the high
char temperatures, a higher €0O/C0, ratio will be
obraincd.

Since steam formatlon in this previously dried
process zoue doces not lower temperaturces of the pro-
duct pascs, approximavely 257 of the total roemainlng
enerpy In the char is delivered as sensible heat.
This fraction Is removed and uwtilized for drying and
pyrolysis of anether, nearby coal section,

Expectoed product cor asition from this step is
listed 1In Table 4. The other column is [icld re=-
sults from native coal, pasified with air injection.
There 1s a considerable velume reduction wsing 05 /C0,
on char. This 1s an important consideration.

Table 4 - Gasification product stream composition.

Volume Per Cent

Componcnt Air—UCGﬂ 0,/C0s=Staged UCGb
N2 38,1 0
H20 30.4 5.0
COz 11.0 27.0
co 6.1 54.0
H2 11.9 13.0
Tar 1.4 0.5
cny, 1.1 0.5
10n.0 100.0
Scf/10°? 13.6 4.26

a. Field Expericnce, taken from (8)

b. Calculated valucs taken from conscrvative
catimates of laboratory char pasification
data. (9)
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Economle assessments clearly poine Lo the
process penalties for roving hipgh volure of pases.
Note that air~injcectlion results in a process stream
composcd of 687 nitropen and water. Moviny these
inert gascs (and disposing of the water) 1s highly
energetic. Likewise, all of these slases must be
thoroughly cleaned prior to combustion. Obviously,
cleaning a minimum quantity of gas is nccessary.

SULFUR REMOVAL BY PYROLYSIS

As mentioned previously, bydrogen 1s sepresated
during pyrolysls, removing a hydropen-enriched pro-
duct stream. Thermal treatment is known to preferen-
tially remove orgaiiic sulfur from coal as well., The
end result 1s that decrensed gas cicaning wmay be
required followin; gasification. The cconomic ron-
scquences of ¢his are unclear. TIn the cxtreme, air
could replace oxygen for pasificatirn. For, If pro-
duct gascs arc devold of sulfur compound:;, pas clecn-
ing might be umnccessary, And if product gas neced
nct be cleaned, then there are sound reasons to
utilize eir injection on Lhe dry, hot char. This
possibiliey also nceds evaluatlon.

COMBINED HEAT AND MASS TRAMSFER IN LARBORATORY COAL
EXPERIMENTS

Erperiments vaacrway correlate laboratory mea-
surements of hecat transfer during heat injection
studics with o finite c¢lement, combined heat-and-
mass transfcr computer codce. Coal blocks are c¢n-
cased 1n cements to control mass transfler A sin-
gle hole is then drilled through the block and hot
gases arce uscd to inject heat throuph that passapge.
(This simulates the underpround situatlon, Flg. 2).
Details of these studies have been presented pre-
viously. (1, 6)

Typical data from these studles are given in
Fig. 5. The coal block was inltially heated within
a preclse thermostat to 100°C, the "oven temp”
During this hcatling, 2 limited quantity of molisture
was exhausted from the eentral passage.  The intro-
duction of hot CO; (injecled at a temperature of
139°C and o flow of 400 cm’ 'min) resulted in higher
ialcr side temperatures and lower outlet side tem-
peratures (Fip. 5). €O; caused watcr cvaporation,
lowering the temperatures in the Interior of the
block below 100°C for conslderable periods of time.
Finally, after some 607 of the "moisturce content"
of the caol was removed, temperatures in speclfic
regions of the block locrcased In a way that indi-
cated open permeabl® "y for convective heat trans-—
port. Thesc data can be modeled with considerable
success 1f we assume that molszture removal changes
permcability of discrete reglons within the block.

COMBINED UNDLRGROUND PYROLYS1S GASTPFTCATION
Eunginecring analysls of thermal penevation of
hydrocartons f{rom ccals has been completed. As the
flow chart in Fig. 6 shows, the greatest majority
of precessing occurs above ground. Of the many
unit operations, ounly two, coal pasiilcation and
underground coal pyrolysis, occur below the surface.
Yet these two dominate the entire system.  liconom-
ics demands that the encrpy content of production
wcllg be dense, If this {8 not so, underpround
conl gasification can involve prcalbitive pumping
costs, thcrefore an unworkable Lechnolopy. It {s
essentinl that the underpround scction (s well
understood and that an open, permenble bed is
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prepared.  Thermal treatment of subbitumlnous coals
is an attractive possibillity to accomplish this

SUMMARY

Efficicnt underground coal processing requires
tilat molsture is removed from addrecsed coal scam
sectfons. TIn the absence of scam moisture, product
gases exhaust at elevated temperatures.  Sensible
heat from this product stream {s most scnsibly used
for drying and pyrolysis of an adjacent seam section.
Underground conversion done in ths way lcads to sig-
nificant supplies of hydrocarbon pascs for [uture
encrpy needs,
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